Abstract-A digital Video Stabilization (DVS) system removes the unwanted shaking in the videos acquired by hand-held cameras and preserves the panning. In this paper, a digital video stabilization system is proposed based upon adaptive cerebellar model articulation controller (CMAC) filtering. A CMAC is a manifestation of the associative memory learning structure present in the cerebellum of human being. Adaptive CMAC filtering has favorable properties of small size, good generalization, rapid learning and dynamic response. Thus, it is more suitable for high-speed signal processing applications. The adaptive CMAC is used to adjust the coefficients of IIR filter employed in the proposed model. The training of CMAC is based upon fuzzy rule. The efficacy of the proposed adaptive CMAC filtering has been validated by evaluating it on a set of test video sequences.
I. INTRODUCTION
Light weight digital cameras and mobile phones are commonly used in daily life to capture videos. Videos acquired by these cameras can have undesired motion due to unstable camera holding and platform movement and desired panning. The challenge is how to compensate or remove the unwanted shaking without affecting moving objects to improve the perceptual quality of the image sequences [1] . Digital video stabilization (DVS) system is needed to remove shaking in the video acquired by hand cameras that are hand held or mounted on unstable platforms. It is also required to preserve panning of the camera and a system, which can perform all these tasks, has to compute on high speed.
A digital video stabilization system is divided into two major parts as shown in Fig. 1 . First part is motion estimation that estimates the motion between two consecutive frames of the given video and generates global motion vector (GMV). Second part is motion compensation that compensates the shaky motion in video and produces a stabilized video. [2] There exist some DVS systems to stabilize a shaky video. These systems have some challenges that are needed to be addressed, such as DVS system by using Kalman filter [3] may weaken stabilization because it treats some shaking phenomena as panning motion. DVS system by using Modified PI (MPI) controller [2] uses compensation motion vector (CMV) estimation to tune the parameter but when an integration gain is too large, then shaking stabilization will be destroyed. A DVS system by using Adaptive Fuzzy Filtering [4] requires more prior knowledge and has slow computational speed.
A CMAC is an adaptive system by which control functions for many degrees of freedom operating simultaneously can be computed by referring to table rather than by mathematical solution of simultaneous equations [5] . It can be considered as an associative memory learning structure based on the performance of the cerebellum of human being. The function of CMAC is similar to a lookup-table technique which represents complex and nonlinear systems [6] . CMAC was proposed for the identification and control of complex dynamic systems, due to its fast learning property and good generalization capability [7] . The structure of CMAC is shown in Fig. 2 .
As CMAC filtering has useful properties of having small size, good generalization, rapid learning, and dynamic response. Therefore, this algorithm is suitable for high speed signal processing [8] . In this paper, a new model of DVS system is proposed that is based upon the CMAC filtering. Representative point matching method and background detection algorithm has been used to estimate the global motion vector (GMV). Adaptive CMAC filtering and IIR are used to estimate compensation motion vector (CMV). The proposed model has been applied to various videos with different irregular conditions. The experimental results indicate that proposed model performs well in all such conditions.
II. THE PROPOSED MODEL
The proposed model of DVS system is illustrated in Fig.  3 . We have a shaky video sequence as input of the proposed model. Local motion estimation determines the local motion vector (LMV) and ill-condition motion vector (IMV). Global [9] motion vector (GMV) estimates are done by using LMV and ILM. We applied adaptive CMAC on GMV to update the coefficient of the IIR filter. Compensation motion vector (CMV) is estimated by using IIR filtering. Unwanted motion estimation is done to generate the unwanted motion vector (UMV) which is used for motion correction. Finally, motion correction is used to find trajectories, which are used to compensate the sequences to get stabilized video. The details of each step are described in the sequel.
A. Local Motion Estimation
At the local motion estimation stage, the representative point matching (RPM) algorithm [1] is used. The RPM method divides the given video sequence into four regions. Each region is further divided into 30 sub-regions which consist of 5 rows and 6 columns [1] . The central point of each sub-region will be representing point (X, Y). The calculation of correlation of RPM is performed as given in following.
Where is the number of representative points in one region, is the intensity of each frame, is the frame number and i is the region. The local motion vector (LMV) for each region is calculate by
Where ( , ) is the correlation measure for shift ( , ) between current frame and previous frame.
is the minimum correlation value in region . 
B. Generation of Ill-Condition Motion Vector (IMV)
The calculation process to generate ill-conditioned motion vector (IMV) has been proposed in [1] and is given in the following. Firstly, calculate the number of and in four regions.
When the confidence level of or is less than set threshold, then or is called reliable [1] . Secondly, the calculations to determine the IMV are given as:
Case 3. If
Case 4. If () is a function of median operation, is the frame number and is attenuation coefficient, 0 < < 1. The ( ) can be calculate by
Then by applying similar operation on component, the resultant IMV is expressed as:
C. Global Motion Estimation
The five vectors (four LMV and one IMV) obtained from previous calculations are called pre-selected motion vectors (MV). The summation of absolute difference (SAD) has been proposed to select the high probabilities from pre-selected MV. The GMV estimation becomes difficult in the cases when a video contains large number of moving objects. The reason behind is that the estimation process has to readily switch between moving objects and the background [1] . A background-based evaluation function is shown in Fig. 4 . The summation of absolute difference (SAD) for GMV estimation in each background region is calculate by where is the i-th background region, is the intensity of video frame, and are the pixels coordinate, and are the component in pre-selected MV and is the frame number. The smaller ( , ) represent the higher probability of desire motion vector among these pre-selected MV. The higher ( , ) indicates the higher score denote by ( , ) and the total score for each pre-selected MV follow by
Finally, GMV can be obtained by
D. Adaptive CMAC Filtering and Data Memory
Adaptive CMAC algorithm is used to find the filter coefficient for the first-order IIR filter. The parameter is a smoothing factor. The larger filter coefficient ( ) value leads to the higher smoothing factor. Therefore, a fixed valued of is not useful to good stabilized video.There are two input data for training in CMAC. First one denotes the noise in video frame which has range from 0 to 1.25 and the second one is denoted as acceleration which has range from 0 to 1. Adaptive CMAC algorithm is used to train the network and keep the data into memory under fuzzy rule. The membership function generated by CMAC is shown in Fig. 5 . The training will be stopped as error will be equal to or smaller than threshold level and we have set the threshold level for this research equal to 1 × 10 − 11 . We are using fuzzy rule [4] to generate the output and use CMAC to learn about the output. It is also desired that memory size should be smaller. Our memory size is 2,000 memory locations to keep data small. The algorithm of CMAC learning is expressed as:
where is the memory in CMAC, is the step size, is desired input and is the predicted output which can be calculated by determining the mean value in CMAC data memory for each input. The CMAC learning will stop as error becomes equal to or less than the threshold level. For video sequence number one, as given in the table 1, the learning error is shown in Fig. 6 .
Fig. 6: Training error in CMAC
The CMAC data memory is created and it can be addressed directly when the system has known about noise and acceleration. Noise and acceleration can be calculate by
Both noise and acceleration factors point to a certain memory position in CMAC and the will be as outcome.
E. Infinite Impulse Response (IIR) Filtering
An estimated GMV may consist of two major components i.e. handshake and panning [4] . A good motion correction needs to remove shaking and preserve panning. Assuming that the handshake components are high frequency, the low-pass filter will be used for compensation motion estimation calculation. The proposed method to calculates the compensation motion vector (CMV) is expressed in the form of first-order autoregressive system as given by the following.
where is the IIR filter coefficient which has calculated by CMAC and the index indicates the frame number. The reasons of using a first-order IIR filter are:
• It can be used in real time system, • It requires small memory, • It has low computational complexity, • The compensation motion vectors produced by the filter are satisfactory to humans' eye if suitable is selected.
For first three frames, should have a fixed large value.
F. Unwanted Motion Estimation and Motion Correction
After computing the CMV by using the in CMAC data memory the unwanted motion vector (UMV) is obtained by
To restore the current frame to its stabilized position, the motion trajectories can be obtained by
where is the compensated motion trajectories of the video at frame .
G. Motion Compensation
After calculation of motion trajectories, the compensation to stabilized video is last process for this DVS system. The motion compensation is illustrated in Fig. 7 .
The offset should be fixed higher than the maximum of Fig. 7 : The scheme of motion compensation [2] absolute values in motion trajectories and the stabilized video can be obtained by
where is the shifting allowance which needs to be set before the calculation. The offset should be fixed higher than the maximum of absolute values in motion trajectories.
− is the stabilized video.
III. EXPERIMENTAL RESULTS
In this section, we evaluated the performance of proposed DVS system. MATLAB has been used as simulation platform.
In our simulation, we tested four video sequences. First video was acquired from online source [10] , second and third video were taken from MATLAB library [11] , [12] and fourth video, named Wi-am, was captured by our own camera. Video names and their first frame image is shown in Table I . 
A. Comparison of GMV and CMV Trajectories
We also evaluate the adaptive CMAC filtering method to estimate CMV by four different GMV generated by set of shaky videos. Fig. 8 shows the comparison between shaky and compensated motion trajectories for every video. In each subfigure, blue line and red line show shaky and compensated trajectories respectively. GMV sets are estimated from video 1 to 4 and every video possessed different irregular conditions. here is comparison of trajectories of GMV and CMV in both horizontal and vertical for all four videos. The results have shown that compensated horizontal trajectories, generated by adaptive CMAC and IIR filtering, are very close to horizontal shaky motion trajectories. Therefore, our proposed method can reduce the steady state lag and this gives more space to absorb the shakiness effect from video.
B. Smoothness Index (SI)
The sum of absolute difference ( ) of movements between two consecutive frames is used to determine the shaking effect of video. The value of image mass can be set from 0 to 1 according to degree of shakiness in the video measured by human visual perception.
Smoothness index ( ) is an important quantitative evaluation parameter for the performance of DVS system [2] . It is denoted as
where is the total number of frames, represents the frame number; is the image mass. Lower value of means less shaking components in the image sequences Thus, Lower value of is desired for any video. Hence, less shaking components i.e. small value represents the better smoothness effect in any video. We took four shaky videos, possessed different irregular conditions, to apply the proposed CMAC filtering and determined the for each video. In Table III , The results are shown that CMAC has improved for all videos. 
IV. CONCLUSION
In this paper, we proposed a new DVS system based upon adaptive cerebellar articulation controller (CMAC) which demonstrates a good stabilization performance. Global motion vector (GMV) is estimated by representative point matching (RPM) method and background detection algorithm. We applied the CMAC to determine the value of filter coefficient for the first order IIR filter which estimates the compensation motion vector (CMV). The simulation results show that the proposed DVS system achieves desired performance of video stabilization by preserving panning and removing shakiness from variety of videos. The proposed model has great significance for mobile video communication to improve the perceptual quality of digital video because of its low memory requirement. This method could be effective to produce stabilized video from shaky video sequences in video security monitoring, highway safety and live streaming applications.We have planed to test our method on a larger set of videos that possess a variety of resolutions and different levels of motion as a future work.
